Three new coordination compounds, [Ni(Pht)(Py) 2 (H 2 O) 3 ] (1), [Ni(Pht)(b-Pic) 2 (H 2 O) 3 ] AE H 2 O (2) and [Ni(Pht)(1-MeIm) 2 (H 2 O) 3 ] (3) (where Pht 2À = dianion of o-phthalic acid; Py = pyridine, b-Pic = 3-methylpyridine, 1-MeIm = 1-methylimidazole), have been synthesized and characterized by IR spectroscopy and thermogravimetric analysis. Crystallographic studies 1-3 reveal that each Ni(II) center has a distorted octahedral geometry being coordinated by two nitrogen atoms of aromatic amines, one oxygen atom from a carboxylate group of a phthalate ligand and three water molecules. Pht 2À anions act as monodentate ligands, while the remaining uncoordinated carboxylate oxygen atoms participate in the formation of hydrogen bonding. The uncoordinated oxygen atoms form hydrogen bonds with the coordinated water molecules from adjacent complexes creating a centrosymmetric dimer unit. Further, these dimer units are connected by O-HÁ Á ÁO hydrogen bonds in double-chains. Depending on the nature of aromatic amines, the arrangement of these double-chains differs. The double-chains are held together only by van der Waals interactions in 1. In contrast, in 2 these chains form layers by p-p interactions between antiparallel molecules of b-Pic as well as by p-p interactions between b-Pic and Pht aromatic rings. In complex 3, the double-chains are knitted together via C-HÁ Á ÁO hydrogen bonds between the methyl group of 1-MeIm and the coordinated carboxylate oxygen atom of Pht, as well as p-p contacts involving antiparallel 1-MeIm cycles. The thermal dependence of the magnetic susceptibilities for compounds 1 and 2 shows a weak antiferromagnetic interaction between the two Ni 2+ ions of the hydrogen bonded dimers. For compound 3, a ferromagnetic interaction could be observed. Modeling the experimental data with MAGPACK MAGPACK resulted in: g = 2.22, |D| = 4.11 cm À1 and J = À0.29 cm À1 for compound 1, g = 2.215, |D| = 3.85 cm À1 and J = À0.1 cm À1 for compound 2 and g = 2.23, |D| = 4.6 cm À1 and J = 0.22 cm À1 for compound 3.
Introduction
o-Phthalate anion is a well-known versatile ligand, which has been extensively used in the design of coordination compounds due to a variety of its bonding abili-ties. As a result of the two ortho-carboxylic groups, the ligand has the capacity to chelate as well as to bridge up to seven metal centers at once [1, Scheme 1] forming mono-and polynuclear complexes. Based on analysis of the crystal structures of phthalates extracted from the Cambridge Structural Database (CSD) [2] in our previous report [1] , we have shown that the phthalate ligand can adopt 26 coordination modes with metal atoms in the complexes. Moreover, both monodeprotonated HPht À anions and neutral H 2 Pht molecules are able to co-exist with fully deprotonated Pht 2À residues of acid in crystals, leading to some unexpected architectures. In particular, we previously described an extremely unusual dimer [(bpy) 2 2 ] metal cores are connected through PhtÁ Á ÁHÁ Á ÁPht bridge [3] . Additional strong hydrogen bonds between water molecules and coordinated and uncoordinated moieties of ophthalic acid as well as p-p interactions between uncoordinated phthalate moieties and one of bpy molecule stabilize the structural organization of this complex.
However, the 1,6-bridging mode remains the most commonly seen in the complexes. In this case, the phthalate anion is a bidentate ligand and coordinates to metal ions by one oxygen atom from each of the carboxylate group. This structural motif of the ligand promotes the formation of polymeric structures such as were found in copper(II) [4] [5] [6] [7] [8] [9] , cobalt(II) [10] [11] [12] , zinc(II) [13] [14] [15] and other metal complexes [16] . It is noteworthy that when the 1,6-bridging mode is realized, the other oxygen atoms from the same carboxylate groups are also able to coordinate additional metal ions resulting in supracage assemblies or complicated polymeric structures. The good examples of the former are the fascinating Mn 18 [17, 18] and Mn 10 [19] clusters reported by Christou et al. as well as WinpennyÕs remarkable Ni 16 [20] and Co 13 [21, 22] cages, which contain phthalate ligands displaying rare and unprecedented bridging modes. For the latter case, we can mention the coordination polymer [Zn(Pht)(2-MeIm)] n [15] . In this structure, one of a pair of zinc atoms is linked by 1,6-bridges of two phthalate ligands, while the other is held together through syn-syn bridging carboxylate groups in a 1,3-fashion from the same phthalates. As a result, infinite chains with alternation of 14-and 8-membered cycles are formed. All these structural and functional versatilities make phthalate ligand an attractive building unit in the construction of metallopolymers and clusters. The coordination of residues of Pht 2À or HPht À by only one carboxylate group to metal ions is also of special interest, since the uncoordinated carboxylic group can be important in different catalytic processes [23] .
We have focused our efforts on synthesis and investigation of 3d coordination compounds based on mixed phthalate ligand and aromatic amines such as pyridine, imidazole and their derivatives and several interesting cobalt(II), copper(II) and zinc(II) [1, 3, 8, 12, 14, 15] À1 ): 3209s,br, 1607vs, 1586sh, 1563vs, 1488s, 1449s, 1404vs, 1219m, 1153m, 1084w, 1072s, 1043s, 1015m, 951m, 932m, 887m, 812s, 761s, 698s, 656s, 636s, 592m, 577m. Single crystals suitable for diffraction studies were obtained from the mother liquid.
Synthesis of [Ni
To a hot solution of KHPht (1.02 g, 5 mmol) and 3-methylpyridine (3 ml) in water (25 ml) was added a solution of Ni(O 2 CCH 3 ) AE 4H 2 O (1.24 g, 5 mmol) in water (10 ml). The resulting mixture was heated at reflux for 1.5 h and the resulting light green precipitate was collected from the hot solution by filtration. The filtrate was allowed to stand at r.t. in an open flask. The blue crystals of 2 suitable for X-ray diffraction studies were filtered off, washed with water and EtOH and dried in air. Yield: 0.67 g, 27.86%. Anal. Calc. for C 20 H 26 N 2 NiO 8 : C, 49.93; H, 5.45; N, 5.82. Found: C, 49.62; H, 5.51; N, 5.65%. IR data (KBr, cm À1 ): 3395s,br, 3071w,br, 1608sh, 1586sh, 1553vs, 1484m, 1449m, 1405vs, 1240w, 1196w, 1150w, 1130w, 1108w, 1086w, 1056w, 1037w, 820m, 793m, 757m, 702s, 653m, 562w. Single crystals suitable for diffraction studies were obtained from the mother liquid.
To a solution of [Ni(1-MeIm) 6 ](HPht) 2 AE 2H 2 O (0.92 g, 0.1 mmol) in water (10 ml), a solution of NiCl 2 AE 6H 2 O (0.24 g, 0.1 mmol) and KOH (0.06 g, 0.1 mmol) in water (10 ml) was added. The resulting solution was heated at reflux for two hours. Crystals of 3 suitable for X-ray diffraction studies crystallized after one month and were collected by filtration, washed with water and EtOH and dried in air. Yield: 0.56 g, 60.87%. Anal. Calc. for C 16 
X-ray crystallography
Experimental data were collected on a KUMA KM4CCD-j-axis diffractometer with a graphite monochromated Mo Ka radiation at 130 K for 1 and 3. The crystals were positioned 60 mm from CCD camera. Six hundred and eighty two frames were measured for 1 and 782 frames for 3 (in six runs). The time of a single frame measurement was 30 and 4 s over 0.75°x-scan for 1 and 3, respectively. The absorption corrections were introduced by semi-empirical method from symmetry equivalent reflections [32] for 1, the maximum and minimum transmission being 0.935 and 0.678, respectively. The data were processed using the KUMA diffraction (Wroclaw, Poland) program. For 2, the intensity data were collected at 223 K on a Stoe Image Plate Diffraction System [33] using Mo Ka graphite monochromated radiation. Image plate distance 70 mm, / oscillation scans 0-200°, step D/ = 1.0°. Crystal data and details of data collections and refinement for 1-3 are given in Table 1 . The structures were solved by direct methods (SHELXS SHELXS-97 [34] ) and refined on F 2 (SHELXL SHELXL-97 [35] ) in anisotropic approach for nonhydrogen atoms. The positions of H-atoms were located from the difference syntheses of electronic density and were refined in an isotropic approximation. Selected bond distances and angles are listed in Table 2 .
Magnetic measurements
Magnetic susceptibility data of powdered samples were collected on a MPMS Quantum Design SQUID magnetometer (XL-5) in the temperature range of 300-1.8 K and at a field of 1000 G. The samples were placed in a gelatine capsule and a straw was used as the sample holder. The output data were corrected for the experimentally determined diamagnetism of the sample holder and the diamagnetism of the sample calculated from PascalÕs constants. The Levenberg-Marquardt least-squares fitting algorithm, in combination with MAGPACK MAGPACK [36] , was used to model the experimental magnetic susceptibility data.
Results and discussion

Synthesis and preliminary characterization
Reaction of nickel(II) acetate with o-phthalic acid and excess of pyridine in water resulted in the high yield formation of [Ni(Pht)(Py) 2 [1, 3, 8, 14, 15, 28] and carboxylate complexes [37] [38] [39] . The infrared spectra also show broad bands in the 3541-3071 cm À1 region, which can be assigned to water molecules.
The thermogravimetric analyses of compounds 1 and 2 indicated a sharp mass loss, followed by a long tail, with total mass loss of 82.88% and 84.59% in the range 25-450°C, which is in agreement with the mass loss calculated for the loss of both water molecules and organic 1610vs, 1589sh, 1562vs, 1488s, 1446s, 1415vs, 1199w, 1163w, 1131w,  1112w, 1086w, 1060m, 1038m, 859m, 822s, 792m, 769m, 748m, 697s , 655s, 469w. moieties (Calc. 82.78% and 84.43%). For compound 3, a mass loss of 12.28% in the 25-130°C temperature range corresponds to the loss of three coordinated water molecules for the formula units (Calc. 12.26%) and the second mass loss of 69.49% corresponds to the loss of the organic moieties (Calc. 70.76%).
Crystal structures
The structures of compounds 1-3 ( Fig. 1(a)-(c) ) are similar to structures of molecular compounds with monodentate coordination mode of one carboxylate group of o-phthalic acid [24] [25] [26] [27] [28] . In all three compounds, nickel atoms have octahedral coordination geometry. Two cis-positions in the coordination polyhedron are occupied by two nitrogen atoms of aromatic amines with the Ni-N distances of 2.066(1) and 2.073(1) Å (1), 2.099(2) and 2.106(2) Å (2), and 2.054(2) and 2.076(2) Å (3). The dihedral angle between the aromatic rings is 117.2(2)°for 1, 106.6(2)°for 2 and 90.1(2)°for 3. The phthalate ligand is coordinated to the nickel atom in a monodentate fashion and occupies one place in the octahedron with bond distances Ni-O(4) = 2.010(1), 2.053(1) and 2.036(2) Å for 1-3,
(c) Fig. 1 . Crystallographically independent structure fragments with numbering scheme and displacement ellipsoids drawn at the 50% probability level in compounds [Ni(Pht)(Py) 2 respectively. Finally, the coordination sphere is completed by oxygen atoms of three water molecules. The Ni-O(w) distances vary in the range of 2.069(2)-2.128(2) Å ( Table 2) . The presence of water molecules and carboxyl groups makes extensive hydrogen bonding interactions in compounds 1-3, which are listed in Table 3 . Fig. 1(a)-( (2) and 3.316(2) Å for 1 and 3, respectively. In 2, the water molecule O(2w) is only involved in intermolecular H-bonding ( Fig. 1(b) , Table 3 ). Similar intramolecular hydrogen bonding pattern was observed in the structures of all hydrated Ni(II) complexes with monocoordinated ophthalic acid.
Interestingly, the intermolecular O(w)-HÁ Á ÁO(carb.) hydrogen interactions are very important in the construction of the crystal edifice of 1-3. In compound 1, water molecules O(1w) and O(2w) are involved in both the formation of intramolecular pseudo-cycles with O(1) and O(2) oxygen atoms of phthalate carboxylate groups and the hydrogen bonding with identical oxygen atoms on the adjacent complex (symmetry code [Àx À 2, Ày À 1, Àz]) ( Table 3) . As a consequence, individual molecules are joined into centrosymmetric dimers as shown in Fig. 2(a) with MÁ Á ÁM distances of 6.570(1) Å . Hydrogen bonds O(3w)-HÁ Á ÁO(1) connect adjacent dimers in double-chains along the y-axis of the unit cell of 1 (Fig. 2(b) ). Distance between metals of the adjacent dimers is 7.272(1) Å . In compounds 2 and 3, water molecules O(1w), O(2w) and O(3w) adopt the same role and form analogous double chains. The MÁ Á ÁM distances in the dimers are 6.421(1) Å for 2 and 6.930(1) Å for 3, and between dimers are 7.666(1) and 7.958(1) Å for 2 and 3, respectively. The solvate molecule O(4w) in 2 gives rise to hydrogen bonds only inside the double-chain. Furthermore, similar double-chains are observed in all the above noted Ni-compounds with monodentate phthalates [24] [25] [26] [27] [28] . Depending on the nature of aromatic amines, the arrangement of these chains differs between crystals. The double-chains are held together only by Table 3 Hydrogen bonding interaction in the crystal structures 1-3 van der Waals interactions in compound 1 (Fig. 3) . In contrast, in 2 these chains form layers parallel to the y-axis by p-p interactions between antiparallel molecules of b-Pic (Fig. 4) with an average distance between aromatic rings of 3.38 Å and a centroid-centroid distance of 3.791(2) Å . In addition, the layers are interlinked together into a network by p-p interactions between b-Pic and Pht rings, the average contact distance of two adjacent aromatic rings is about 3.48 Å and the centroid-centroid distance is 3.868(2) Å . The dihedral angle between the aromatic rings is 7.2(2)°. In complex 3, the double-chains are knitted together via C(31b)-HÁ Á ÁO(4) [Àx + 1, Ày + 1, Àz + 1] hydrogen bonds of 3.342(3) Å between the methyl group of 1-MeIm and the coordinated carboxylate oxygen atom, as well as p-p contacts involving antiparallel 1-MeIm cycles (centroid-centroid distance is 3.719(3) Å ) to build up layers parallel to the xz-plane as depicted in Fig. 4 . 
Magnetic properties
The thermal dependence of v M T (v M T being the product of the molar magnetic susceptibility and the temperature) and the simulated curves for powdered samples of the hydrogen bonded dimeric nickel compounds 1-3 are shown in Figs. 5-7. The molar magnetic susceptibilities have been corrected for their diamagnetic and temperature independent paramagnetic (TIP) contributions. For compound 1, the TIP is 9 · 10 À4 emu/ mol. The v M T values remain essentially constant at 2.45 emu K/mol between 300 and 100 K. This value agrees well with the expected 2.42 emu K/mol for two uncoupled Ni 2+ ions with S = 1 and g = 2.2. Below 100 K, v M T decreases due to zero-field splitting and weak antiferromagnetic interaction between the Ni 2+ ions. The simulation with a g-value of 2.22, an axial zero-field splitting parameter |D| = 4.11 cm À1 and an antiferromagnetic interaction parameter J = À0.29 cm À1 , agreed best with the experimental data. Similarly, the v M T values of compound 2 (TIP = 9 · 10 À4 emu/mol) remain constant at 2.47 emu K/mol down to 100 K and decrease at lower temperatures. A simulation of the magnetic data for this compound resulted in g = 2.215, |D| = 3.85 cm À1 and J = À0.1 cm À1 . For compound 3 (TIP = 9.6 · 10 À4 emu/mol), the experimental value of v M T is 2.50 emu K/mol at room temperature. In contrast to compounds 1 and 2, the values of v M T of compound 3 increase below 100 K, suggesting ferromagnetic interaction between the Ni 2+ ions. These data could be simulated best with the corresponding parameters g = 2.23, J = 0.22 cm À1 and |D| = 4.6 cm À1 . Overall, all three compounds exhibit weak magnetic exchange interactions and subtle structural differences may cause a change from a total antiferromagnetic interaction to a ferromagnetic type of interaction as it is seen for compound 3. However, the structural aspects are too complex to render a conclusive structure-property relation.
Supplementary material
Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Centre, CCDC nos. 232778 (1), 232777 (2) and 232776 (3) . Copies of this information may be obtained 
